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1
TIRE AND TREAD PATTERN

The present invention relates to a tire and a tread pattern,
in which the residual cornering force is minimized to

improve the running stability of the tire.

BACKGROUND OF THE INVENTION

In general, when a tire is rotated under a slip angle of
degree, a cornering force is more or less produced. If this
residual cornering force is large, a vehicle provided with
such a tire 1s liable to become unstable during running,
especially high speed straight running. It is therefore desir-
able to minimize a residual comnering force in view of
prevention of unstable running.

Such a residual cornering force is caused by both external
structure and internal structure of a tire, which are mainly
the tread pattern and tread reinforcing belt, respectively.

SUMMARY OF THE INVENTION

An object of the present invention is therefore, to provide
a tire 1in which the residual cornering force is minimized to
improve the running stability of the tire.

Another object of the present invention is to provide a
tread pattern, which is capable of producing a minimized
residual cornering force.

According to one aspect of the present invention, a tire
comprising a tread portion provided with a tread pattern, the
tread pattern comprising a plurality of design cycles,

cach design cycle comprising a first sub-design-unit (SA)
and a second sub-design-unit (SE) disposed adjacently to
cach other in the circumferential direction of the tire,

the first sub-design-unit (SA) comprising lateral grooves
which are inclined to the same direction,

the second sub-design-unit (SE) comprising lateral
grooves which are inclined to the same direction but the
reverse of said first sub-design-unit,

the first sub-design-unit (SA) being a mirror image of the
second sub-design-unit (SE).

Preferably, the inclination angles of the lateral grooves in
each of the sub-design-units (SA and SE) to the axial
direction of the tire are gradually decreased from the cir-
cumferential center (M) to each edge (L) of the sub-design-
unit.

As a result, during running, the first sub-design-units and
second sub-design-units alternately contact with the ground,
and the first sub-design-units produce a cornering force in a
certain direction, and the second sub-design-units also pro-
duce a cornering force of the same magnitude but in the
reverse direction. Therefore, the opposite comering forces
are canceled each other during tire rotation, and the residual
cornering force is minimized.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 1s a cross sectional view of a tire according to the
present invention.

FIG. 2 1s a developed plan view of the tread portion
thercof showing an example of the tread pattern according to
the present invention.

FIG. 3 1s a developed view showing a tread pattern used
i1l a comparison test.
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DETAILED DESCRIPTION OF THE
INVENTION

An embodiment of the present invention will now be
described 1n detail in conjunction with the accompanying
drawings.

In FIGS. 1-2, the tire T according to the present invention
1S a pneumatic radial tire for 4WD vehicles.

The aspect ratio of the tire (the tire section height/the tire
section width) 1s more than 80%, in this embodiment 70%.

The tire T comprises a tread portion 12; a pair of axially
spaced bead portions 14; a pair of sidewall portions 13
extending between the tread edges E1, E2 and the bead
portions 14; a pair of bead cores 15 each disposed in each of
the bead portions 14; a carcass 16 extending between the
bead portions 14 and turned up around the bead cores 15
from the axially inside to the outside of the tire; a bead apex
18 between the main portion and each turned up portion of
the carcass 16; a belt 17 disposed radially outside the carcass

16; a tread rubber 19 disposed radially outside the belt 17
defining the tread portion 12; and a sidewall rubber 20
defining the sidewall portion 13.

The carcass 16 in this example comprises two plies of
cords arranged radially at an angle of from 78 to 90 degrees,
in this example &8 degrees, with respect to the tire equator
C so that the cords in one ply cross the cords in the other ply.

For the carcass cords, organic fiber cords, e.g. nylon,
polyester, rayon and aromatic polyamide and the like can be
used. In this example, 1000 d/2 polyester fiber cords are
preferably used.

Both edges of each of the two carcass plies are turned up
around the bead cores 15 from the axially inside to the
outside of the tire to form turned up portions 16A and 16B.
The radially outer end of the axially outer turned up portion
16A 1s extended radially outwardly over the maximum tire
section width point N. The radial height H16A thereof is in
the range of from 355 to 65% of the tire section height, each
from the bead base line BL, The radially outer end of the
axially inner turned up portion 16B is extended radially
outwardly over the radially outer end of the bead apex 18,

but located radially inward of that of the outer turned up
portion 16A. (H16B< H16A)

The bead apex 18 is made of hard rubber having a JIS A
hardness of 60 to 90 and tapered radially outwardly from the
radially outside of the bead core 15 to its radially outer end.

The belt 17 comprises a breaker belt (17A, 17B). The
breaker belt consists of two cross plies 17A and 17B. The
radially inner ply 17A is made of steel cords laid in parallel
each other with inclining at an angle of 16 to 28 degrees with
respect to the tire circumferential direction. The radially
outer ply 17B 1s made of steel cords laid in parallel each
other with reversely inclining at an angle of 16 to 28 degrees
with respect to the tire circumferential direction to cross the
cords of the inner ply 17A. The inner ply 17A is wider than
the outer ply 17B, and the width of the widest inner ply is
the substantially same as the tread width WT. Here, the tread
width WT is between the tread edges E1 and E2, that is, the
maximum ground contacting width between the axial out-
ermost edges of the ground contacting region under such a
condition that the tire is mounted on its standard rim and
inflated to its standard pressure, and then loaded with a
standard load. The standard rim is a rim officially approved
for the tire by, for example JATMA (Japan), TRA (USA),
ETRTO (Europe) and the like, and the standard inner
pressure and the standard load are the maximum air pressure
and the maximum tire load for the tire officially specified in
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Air-pressure/Maximum-load Table by the same associa-
tions.

In this example, 1n order to minimize the residual corner-
ing force caused by the inclined breaker belt cords, the belt

17 further includes a band belt 17C disposed on the radially
outside of the breaker beit 17B to define the radially outer-
most belt layer having a substanfially zero degree cord
inclination.

The band belt 17C has a jointless structure formed by
spirally winding one or more cords around the breaker belt

(17A, 17B).

The one or more cords to be wound are embedded in
rubber in a form of ribbon or continuous narrow strip.

Such a cord ribbon 1s spirally wound continuously from
one edge to the other edge of the band belt 17C to have the
same winding direction across the whole width thereof.

Alternatively, using two ribbons, each ribbon is spirally
wound continuously from one edge of the band belt 17C to
the tire equator so that the winding direction and cord
inclination are reversed at the tire equator. For example, the
right band half has a right side upward inclination and the
left band half has a left side upward inclination or vice versa.

For the band belt cords, organic fiber cords, e.g. nylon,
polyester, rayon, aromatic polyamide and the like can be
used.

The inclination of the band cord(s) is preferably 04+—35
degrees with respect to the tire circumferential direction.

The band belt 17C has a width being slightly wider than
the maximum width of the breaker belt so as to cover the
edges of the breaker plies 17A and 17B.

As a result, the residual cornering force due to the belt 17
1s munimized since the radially outermost belt cords are
substantially parallel to the tire circumferential direction.

Further, in this embodiment, an insulation layer 22 is
disposed between the belt 17 and the carcass 16. The
insulation layer 22 is made of rubber having a thickness of
2 to 4 mm. The width of the insulation layer 22 1s the same

as or slightly wider than the maximum width of the breaker
belt 17A.

As a result, the residual cornering force due to the
existence of the stiff belt 17 1s decreased. Further, if tread
grooves in the ground contacting region as a whole have a
certain inclination which generates a residual cornering
force in a certain direction, the magnitude thereof is
decreased.

The above-mentioned tread rubber 19 is disposed on the
radially outside of the belt 17, having tapered axial edges
each placed on the outside of a radially outer part of a
sidewall rubber 20. The sidewall rubber 20 has a radially
outer edge interposed between the belt edge and the mnsu-
lation rubber layer 22 to provide the function of a breaker
cushion. The tapered edge of the tread rubber 19 is covered
by a tread wing rubber 25 disposed on the tapered edge and
the sidewall rubber 20. The radially outer end of the tread
wing rubber 25 is placed in the range of 0 to 15 mm from
the tread edge (or the axial edge of the ground contacting
width). The radially inner edge of the sidewall rubber 20 is
tapered and overlapped with the tapered radial outer edge of
a clinch rubber 24. The clinch rubber 24 is disposed axially
outside of the carcass turned up portion and extends to the
bead base.

The above-mentioned tread portion 12 1s provided with a
tread pattern 1.

FIG. 2 shows one design cycle or design unit thereof. By
successively arranging a plurality of design units around the
tire tread, a complete tread pattern 1s formed.
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4

The tread pattern 1 in this embodiment comprises: a pair
of continuous main grooves 3, each extending straight in the
tire circumiferential direction and disposed on each side of
the tire equator C at the same axial distance from the tire
cquator; a continuous central groove 21 extending straight in

the circumierential direction along on the tire equator C and
having a width smaller than that of the main grooves 3; and
lateral grooves 5 each extending straight across the pair of
main grooves 3 and central groove 21.

In FIG. 2 showing one design unit, for the convenience of
explanation, two imaginary boundary lines L extending
straight in paralle] to the tire axial direction are drawn, and
hereinafter the region therebetween i1s referred as sub-unit
S A and the adjacent region as sub-unit SE (one half is shown
on each side of the region SA), and generically the sub-units
SA and SE are referred as S.

In each of the sub-units S, the above-mentioned lateral
erooves 5 are arranged such that the closer the groove
position to the adjacent boundary line L, the smaller the
inclination angle to the tire axial direction.

All the lateral grooves in one of the sub-units S are
inclined to the same direction. However, between the adja-
cent sub-units SA and SE, the inclinations are reversed. For
example, the lateral grooves in the sub-unit SA have a
left-side-upward inclination, but the lateral grooves in the
sub-unit SE have a right-side-upward inclination.

A lateral groove 3M, which extends through a central
point M between the boundary lines L in the tire circum-
ferential direction located on the tire equator C, has a
maximum inclination angle (alpha), which is in the range of
about 20 to 40 degrees, in this example 25 degrees. The
lateral groove SMA in the sub-unit SA with a maximum
left-side-upward inclination and the lateral groove SME in
the sub-unit SE with a maximum right-side-upward 1incli-
nation have axial ends, each groove having a left-side end
and a right-side end. The adjacent left-side ends which are
closely located in the circumferential direction are con-
nected with a circumferential groove 6A (6) extending
therebetween, and the adjacent right-side ends which are
closely located in the circumferential direction are also
connected with a circumferential groove 6E (6) extending
therebetween. The joint portions F1, IF2 thereof are rounded
as shown in FIG. 2. As a result, a continuous groove having
a trapezoidal-wave configuration is formed.

In this example, the number of the lateral grooves 3
disposed between the boundary lines L and the lateral
grooves SM (SMA, SME) 1s three. One of them located
between the remaining two is wider and extends from the
circumferential groove 6 to the tread edge E1, E2 on the
other side, and the remaining two grooves extend from the
circumferential groove 3 to the tread edge. The inclination
angles of those three grooves gradually increase toward the
center M from the boundary lines L.

In this example, the tread pattern 1 further comprises a
lateral groove 5L extending along on each of the boundary
lines L, and a straight side 9 extending continuously in the
tire circumferential direction and disposed between the
central groove 21 and each of the main grooves 3. The lateral
groove SL extends from one tread edge E1 to the other tread
cdge E2. Furthermore, between the adjacent lateral grooves
>, straight sipes 23 having a middle inclination angle
between the inclination angles of the adjacent lateral
grooves 3, are provided. The circumferential side 9 is a slit
having a groove width of from 1.0 to 2.0 mm and a depth of
from 0.6 to 0.8 times the depth of the main grooves 3. The
lateral sipe 23 1s a slit having no substantial width. By the




3,560,791

<

provision of the sipes 9 and 23, wet grip performance and
mud/snow performance are improved.

As a result, as shown in FIG. 2, the lateral grooves and
lateral sipes between the lateral grooves SMA and SME are
arranged 1n a radial manner.

According to the invention, the sub-unit SA is formed in
a mirror image of the sub-unit SE. And the design unit
shown 1n FIG. 2 (in which one half of SE 1s disposed on each
side of a whole SA) is symmetrical about the central point
M of the sub-unit SA.

As a result, during running, the sub-units SA and sub-
units SE alternately contact with the ground, and the sub-
units SA produce a corering force in a certain direction, and
the sub-units SE also produce a cornering force of the same
magnitude but in the reverse direction. Therefore, the oppo-
site cornering forces are canceled each other during one tire
rotation, and the residual comering force is minimized.

As explained above, while the stiff belt 17 is disposed in
the tread portion 12, the magnitude of the alternate cornering
forces can be decreased by the isolation rubber layer 22.

The tread pattern according to the present invention 1s
suitably used in a pneumatic tire for 4WD light trucks, but
it can be used in other vehicles, e.g. a passenger car tire and
the like. |

To confirm the effects of the tread pattern according to the
present invention, test tires of size 265/70R16 having the

same tire construction shown in FIG. 1 excepting that the
belt 17 didn’t include the band belt 17B and the tread

patterns shown in FIG. 2 and FIG. 3 were prepared and
tested.

In the test, according to the procedure specified in the
Japanese JASO-C607, the residual cornering force was
measured at a speed of 10 kilometer/hour, using a flat belt
tire tester. In order to obtain the residual cornering force by
the tread pattern 1tself, in other words, to eliminate that by
the belt structure, two types (A, B) of belt structures having
angularly reversed cord arrangements were used in each of
the test tires.

TABLE 1
unit N

Tire Ex. Ref.
Overall CF

Belt type (A) +120 +160
Belt type (B) —120 —80
Residual CF

by belt + =120 4 =120
by pattern 0 +40

From the tests, it was confirmed that the tread pattern
according to the invention produces no residual cornering
force.

The invention being thus described, it will be obvious that
the same may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope
of the invention, and all such modifications as would be
obvious to one skilled in the art are intended to be included
within the scope of the following claims.

I claim:

1. A tire comprising a tread wherein the tread includes a
plurality of design cycles, each design cycle comprising a
first sub-design-unit (SA) and a second sub-design-unit (SE)
disposed adjacent to each other i1n the circumierential direc-
tion of the tire, |
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6

said first sub-design-unit (SA) comprising a first plurality
of lateral grooves which are inclined in a left-side-
upward 1nclination direction,

sald second sub-design-unit (SE) comprising a second
plurality of lateral grooves which are inclined in a
right-side-upward inclination direction which 1s an
opposite direction to the upward inclination direction of
said first sub-design-unit,

said first sub-design-unit (SA) being a mirror image of
said second sub-design-unit (SE),

each of said first and second sub-design-units (SA and SE)
has a pair of circumferential edges with a circumier-
ential center (M) located therebetween, and the incli-
nation angles of said first and second plurality of lateral
grooves 1n said first and second sub-design-units (SA.

and SE), respectively, to the axial direction of the tire
are gradually decreased from the circumierential center

(M) to an adjacent circumferential edge (L) thereof,

each of said first and second plurality of lateral grooves
includes a circumferential center lateral groove, said
circumferential center lateral groove extending through
the circumferential center (M) and having the maxi-
mum inclination angle (alpha), and each pair of cir-
cumferentially adjacent circumierential center lateral
grooves are connected at their axial ends with a dis-
continuous circumferential groove (6) so that said
circumferential center lateral grooves (SM) and cir-
cumferential grooves (6) form a continuous groove
having a trapezoidal-wave configuration.

2. The tire according to claim 1, wherein the tread pattern
further includes a plurality of circumferential grooves
extending continuously in the circumferential direction of
the tire.

3. The tire according to claim 2, wherein all of said first
and second plurality of lateral grooves are straight grooves,
and all of said plurality of continuous circumferential
grooves are straight grooves.

4. A pneumatic tire comprising

a tread portion provided with a tread pattern,

a carcass extending between a pair of axially spaced bead
portions through the tread portion,

a belt disposed radially outside the carcass in the tread
portion, said belt comprising two cross plies of parallel
steel cords,

an insulation rubber layer disposed radially inside said
belt and radially outside the carcass, said insulation
rubber layer having a thickness of 2 {0 4 mm,

said tread pattern comprising

a plurality of design cycles, each design cycle comprising
a first sub-design-unit (SA) and a second sub-design-
unit (SE) disposed adjacent to each other in the cir-
cumferential direction of the tire,

said first sub-design-unit (SA) comprising lateral grooves
which are inclined in a left-side-upward inclination
direction,

sald second sub-design-unit (SE) comprising lateral
grooves which are inclined in a right-side-upward
inclination direction which is an opposite direction to
the upward inclination direction of the lateral grooves
of said first sub-design-unit,

said first sub-design-unit (SA) being a mirror image of
said second sub-design-unit (SE), wherein
each of said first and second sub-design-units (SA and SE)

has a pair of circumferential edges with a circumfer-
ential center (M) located therebetween, and the incli-
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nation angles of said first and second plurality of lateral
grooves 1n said first and second sub-design-units (SA
and SE), respectively, to the axial direction of the tire
are gradually decreased from the circumferential center
(M) to an adjacent circumferential edge (L) thereof, and

each of said first and second plurality of lateral grooves
includes a circumferential center lateral groove, said
circumierential center lateral groove extending through
the circumierential center (M) and having the maxi-
mum 1inclination angle (alpha), and each pair of cir-
cumterentially adjacent circumferential center lateral
grooves are connected at their axial ends with a dis-
continuous circumferential groove (6) so that said
circumferential center lateral grooves (5M) and cir-
cumierential grooves (6) form a continuous groove
having a trapezoidal-wave configuration.
5. The pneumatic tire according to claim 4, wherein said
belt further includes a radially outermost cord ply having a

10

3

cord inclination of substantially zero degree with respect to
the circumierential direction of the tire.

6. The pneumatic tire according to claim 5, wherein said
radially outermost cord ply is formed by winding one or
more cords spirally and continuously from one edge to the
other edge thereof so that winding direction is the same
across the whole width thereof.

7. The pneumatic tire according to claim 5, wherein said
radially outermost cord ply is formed by at least two cords,
each of said at least two cords being wound spirally and
continuously from one edge of the ply to the tire equator so

15 that the winding direction and cord inclination are reversed

at the tire equator.
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